
Research Article
Providing Data Insights to Suppliers for Product Development:
Incentive Analysis of an E-Tailer

Bingqin Dai,1 Nian Liu,2 and Zhaoquan Jian 1

1School of Business Administration, South China University of Technology, Guangzhou 510640, China
2School of Management, Wuhan Polytechnic University, Wuhan 430023, China

Correspondence should be addressed to Zhaoquan Jian; jianzq@163.com

Received 27 April 2021; Revised 22 August 2021; Accepted 16 September 2021; Published 14 October 2021

Academic Editor: Lianbo Ma

Copyright © 2021 Bingqin Dai et al. -is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Many suppliers invest in product development for market expansion via product development efforts. However, not all suppliers
have accumulated market information, which is a critical factor for efficient product development that helps suppliers know
consumer preferences better. Being aware of this, some e-tailers (e.g., JD.com) provide market information and data insights for
their suppliers, which improves the latter’s product development efficiency. Supported by the market information, the market
potential of suppliers’ products can be enlarged and their pricing power may be strengthened, which affects e-tailers from both
positive and negative aspects. Based on these observations, we investigate an e-tailer’s incentive to share market information to its
suppliers by formulating the tradeoffs among market expansion, product development efficiency, and suppliers’ pricing decisions.
We find that the e-tailer prefers sharing market information with its suppliers when the latter’s product development efficiency is
high, or the product development efficiency is high but the efficiency improvement rate is high.

1. Introduction

Modern data collection and analysis technologies (e.g., big
data analytics) have brought an explosion in both the scope
and volume of market data, which includes valuable market
information for firms that produce goods and sell to the
market. Specifically, big data analytics is commonly known
as the technology which employs massive data and scientific
analysis methods to help make optimal (or near-optimal)
operations (e.g., product development) for firms based on
accurate information. For the role of big data analytics on
firms’ product development, a report from McKinsey &
Company confirms the truth that the market information
mined by big data analytics is a strong driving force to
product development. It points out that market information
helps to improve product development efficiency, shorten
product development cycle time, and reduce investment
costs for suppliers [1]. Some empirical studies also justify
that the accurate market information derived from big data
analytics, including consumer’s preferences over product
properties, makes suppliers know their consumer taste well

and ensures the time and cost invested in product devel-
opment do not go to waste, resulting in fewer obstacles to
product development or less demand uncertainties [2, 3].
Being aware of these benefits, a survey reports that 84% of
industry-leading firms in the United States and worldwide
have started big data analytics initiatives to decrease expense
on the process of product innovation and eliminate demand
uncertainty as well [4]. Based on the above observations, it is
no doubt that firms can effectively facilitate product de-
velopment efficiency by using advanced big data analytics to
conduct data processing and thus produce effective market
information to know consumer preference well, eliminate
demand uncertainty better, and so on.

However, in practice, upstream firms (i.e., suppliers)
rarely know market information because of the remoteness
of the end market [5], which means that they lack the ac-
cumulated market information to apply to product devel-
opment (i.e., with a poor product development efficiency)
and confronts significant demand uncertainty as well. In
contrast, their downstream partners (i.e., retailers) usually
have better access to market information because they are
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close to the end market and have advanced big data analysis
technologies [6, 7]. An important problem naturally arises:
Is it possible for a retailer to provide market data/infor-
mation insights to its suppliers for their product develop-
ment? We observe that some retailers have provided their
suppliers with market information for free, which is in-
sightful for their suppliers’ product development. For ex-
ample, JD’s data insights have helped its suppliers boost
sales. Leveraging JD’s data insights, the sales of Huggies’s
new diapers in China have increased by more than 62% [8].
Similarly, Amazon has launched an AWS Data Exchange
Project, which offers the participating suppliers access to
obtain Amazon’s private data sets [9].

Having said that, whether retailers have enough in-
centive to provide suppliers with market information is not
clear. -ere is a concern that if the retailer provides market
information, suppliers will strategically utilize the market
information to adjust their pricing decisions. Consequently,
this may reduce retailers’ profit margins and undermine
their profitability [10]. -erefore, the extant literature (e.g.,
[6, 7]) suggests that retailers should always be reluctant to
provide their market data with suppliers to maintain an
information advantage in the supply chain. However, pro-
viding market information has many benefits for retailers.
For example, market information improves suppliers’
product development efficiency and reduces demand un-
certainty; as a result, cost-efficient product development may
drive suppliers to improve their innovation effort level so as
to enlarge total market potential. -us, such benefit bringing
from the enlarged market potential stimulates the demand
and then makes retailers benefit from sales boost. Being
aware of these, our research questions are as follows: (1) Do
retailers have incentives to provide market information with
suppliers? What is the condition? (2) How are retailers’ in-
centives affected by some important factors (e.g., product
competition, market uncertainty, and else)?

To answer the aforementioned research questions, we
build a stylized model comprising two suppliers and a re-
tailer; both suppliers produce substitutable goods and sell to
market via the retailer.-erefore, the retailer engages in self-
competition in the market. As elaborated above, we assume
the retailer possesses market data/information and decides
whether to keep it private or share it with its suppliers who
are uninformed. Such market data helps suppliers improve
product development efficiency and eliminate demand
uncertainty. We consider the case where the retailer (does
not provide) provides market information with suppliers,
which is defined as (Scenario N) Scenario S.-emain results
are summarized as follows.

Regarding the e-tailer’s preferences over market infor-
mation sharing, we show that, given a high product de-
velopment efficiency, or a low production development
efficiency with a high efficiency improvement rate, the
e-tailer prefers sharing market information with its two
suppliers. -e reasons are as follows. We note that the
e-tailer’s profits can be divided into two parts, that is, (1) the
riskless profit and (2) the risk profit because of market
information sharing. We find that the e-tailer always obtains
a higher riskless profit in Scenario S because it can increase

retail margin in Scenario S significantly, which covers its
market demand size loss in Scenario S. However, whether
the e-tailer can obtain higher risk profit in Scenario S de-
pends on the two suppliers’ production development effi-
ciency and the efficiency improvement rate because of
market information sharing. Given a high product devel-
opment efficiency, the e-tailer enjoys the higher riskless and
risk profits, so it prefers sharing information. Given a low
product development efficiency with a high efficiency im-
provement rate, the e-tailer suffers risk profit loss but its
riskless profit advantage in Scenario S is more significant,
which dominates the risk profit loss. Hence, market infor-
mation sharing is preferred for the e-tailer in this case. We
then study whether the two suppliers can be better off be-
cause of market information sharing. We find that the two
suppliers obtain higher profits in Scenario S because their
wholesale prices increment is so significant that it offsets the
loss of market sizes.

Compared to the existing literature, we have a common
interest in the information sharing decision in the supply
chain, which is meaningful in the era of e-commerce.
Differently, we note that the e-tailers’ information may be
insightful for suppliers’ product development, which is
critical but new in the literature. We note that the previous
studies such as those of Zhu et al. [11] and Huang et al. [5]
focus on the problem of product development and infor-
mation sharing in the supply chain, respectively, but they do
not consider the two critical factors in a model framework.
-is paper, therefore, complements the existing literature by
identifying the roles of e-tailer’s information sharing in the
suppliers’ product development, and the e-tailer’s strategic
information sharing decision is also investigated carefully.
On the other hand, as the e-tailers’ data advantage prevails in
the age of e-commerce, this paper provides an analytical
framework to examine the interactions between the
e-commerce platforms and their suppliers. -is may be
meaningful.

-e rest of this paper is organized as follows. Section 2
reviews the related literature. We introduce the model
settings and describe the assumptions in Section 3. Section 4
presents the elated equilibrium outcomes. We provide
corresponding analysis and numerical analysis in Section 5
and Section 6, respectively. Section 7 concludes this paper
and discusses the future research directions. All the proofs
are summarized in the Appendix.

2. Literature Review

-is study is related to three streams of literature: (1) product
development and R&D investment in the operations
management field, (2) the incentives of information sharing
in supply chains, and (3) competition and cooperation in the
supply chain.

Our work is related to the literature on product inno-
vation and R&D investment in the operations management
field. Krishnan andUlrich [12] reviewed extensively the early
literature on product development and innovation, and they
showed that most papers in this literature study a single
firm’s product innovation and development. Zhu et al. [11]
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showed that a buyer’s effort in pushing investment to im-
prove supplier’s product quality can significantly reduce the
buyer’s goodwill costs and market demand loss. However,
the type of innovation considered in this paper differs from
ours in that the brand owners’ production innovation en-
larges total market potential. Bhaskaran and Krishnan [13]
examined which investment cost-sharing and revenue-
sharing mechanisms are optimal to make participated firms
benefit from innovation collaboration. Wang et al. [14]
employed a model consisting of a supplier and a manu-
facturer to investigate the interaction between supply chain
contracts and endogenous upstream innovation. Yoon [15]
studied an encroached manufacturer’s cost-reducing in-
vestment and its spillover to the reseller, which mitigates the
double marginalization effect. Hu et al. [16] studied ex-ante
uncertainty values of innovation and an innovator’s
sourcing strategies from a competitive contract manufac-
turer or from a noncompetitive contract manufacturer in a
supply chain, where the innovation designmay spill over to a
competitive contract manufacturer. Differently, we study an
e-tailer’s incentives of sharing private market information
with its supplier for helping them develop products, and two
suppliers’ product development efforts enlarge market po-
tential because of knowing consumers’ preferences well and
their product satisfies more consumers. -is appears new in
theoretical studies.

Our study is broadly related to the stream of information
sharing literature, which has become a hot topic in recent
years. According to the flow direction of information in the
supply chain, the literature on information sharing can be
classified into horizontal information sharing and vertical
information sharing. Regarding horizontal information
sharing, earlier literature mostly investigates whether each
duopolist will make his demand signal known to the rival at
the same level (e.g., [17–20]). More recently, there has been
quite a large literature in OM studies that try to generalize
horizontal information sharing to vertical information
sharing in supply chains. Some typical studies consider
interactions between vertical members in a two-level supply
chain that includes a manufacturer and many downstream
retailers that have private demand information (e.g.,
[7, 21, 22]). In different supply chain structures, Ha et al. [6]
adopted a chain-to-chain competition model where they
investigated retailers’ vertical information sharing decisions
under the impact of manufacturers’ production disecon-
omies. Similarly, Bian et al. [23] examined supply chain
parties’ incentives of bilateral information sharing under
chain-to-chain competition, where both the manufacturer
and the retailer have partial demand information. Choi et al.
[24] highlighted that horizontal information sharing among
competitors improves supply chain efficiency and achieves
supply chain coordination when there are multiple uncer-
tainties. Considering ex post information sharing, Lei et al.
[25] showed that the informed retailer has no incentive to
share such private information to both upstream suppliers
when there is high demand information because high de-
mand information prompts suppliers to charge high
wholesale prices. Compared to their study, we have a
common interest in studying supply chain members’

information sharing decisions. Differently, we discuss an
e-tailer’s incentives of market information sharing with its
suppliers who invest in product development but may be
inefficient. We consider the impact of the fact that market
information improves suppliers’ production development
efficiency and eliminates demand uncertainty via e-tailer’s
data insights.

-ere is arising literature on the impact of competition
and cooperation on supply chain performance. For example,
typical studies such as that by McGuire and Staelin [26]
suggest that tense competition may induce supply chain
decentralization to become the best option for supply chain
members in a chain-to-chain model. Ganeshan et al. [27]
studied a supplier competition model comprising a reliable
supplier and an unreliable supplier. -ey suggested that
supplier competition helps lower wholesale prices, which
benefits the downstreammembers. In recent years, supplier/
manufacturer encroachment arises as a hot topic concerning
strategic decisions such as channel structure, upstream entry
and downstream cooperation, and the combination of in-
formation flow and/or cash flow. For example, Arya et al.
[28] found that competitive supplier’s encroachment might
reduce wholesale price and soften competition, resulting in
the opportunity for a retailer to gain more profit. Hong and
Guo [29] studied how contract types between manufacturer
and retailer impact system performance and environmental
sustainability in a green product supply chain and showed
that a cost-sharing contract can coordinate the supply chain
when the manufacturer has an incentive of encroaching.
Guan et al. [30] showed that supplier’s encroachment may
come along with its voluntary information disclosure, which
eventually results in improved information transparency
and customers’ quality perceptions. Different from the
forgoing works, we study supply chain parties’ incentives
over demand information sharing and consider that a supply
chain contains two suppliers and an e-tailer that engages in
self-competition in the market and vertical competition in
the supply chain.

3. Model Framework

We consider a two-tier supply chain consisting of two small
suppliers (suppliers 1 and 2) and a powerful downstream
retailer (e.g., JD.com and Amazon) that is reselling the two
competing suppliers’ partially substituted products in the
downstream market. -e two small suppliers develop their
new products with development efforts (denoted as dS1 and
dS2) and sell them by a wholesale price contract to the re-
tailer, namely, wS1 and wS2. -e retailers such as JD.com and
Amazon will confront demand uncertainty when they sell
the two products to the market, so many of them have
applied advanced information technologies (e.g., big data
analytics) to obtain massive market information, thereby
mitigating the risk of demand uncertainty.

Given the supply chain structure, the retailer is optional
to choose from two information sharing scenarios: (1) no
information sharing (Scenario N), where the retailer does
not share its massive market information with the two
competing suppliers, and (2) information sharing (Scenario

Discrete Dynamics in Nature and Society 3

http://JD.com
http://JD.com


S), where the retailer shares its massive market information
with the two competing suppliers ([31] Figure 1 demon-
strates the supply chain structures of Scenario N and Sce-
nario S, where the retailer, supplier 1, and supplier 2 are
denoted by R, S1, and S2, respectively.

As observed in practice, the retailer utilizes big data
analytics to provide more accurate market information (e.g.,
sales quantity) for its upstream suppliers, which can help the
suppliers achieve two objectives. -e first is demand un-
certainty elimination, and the second is the improvement of
product development efficiency [1]. -erefore, we have the
following descriptions:

(1) In Scenario N. -e two suppliers do not have ac-
curate market information; hence, both of them have
to decide their wholesale prices (i.e., E[wN

S1] and
E[wN

S2]) and product development effort levels (i.e.,
E[dN

S1] and E[dN
S2]) based on prior expectation. On

the other hand, they have to bear the low product
development efficiency because of lacking accurate
market information. We use (1/2)kdN2

i , where
i ∈ S1, S2{ }, to represent the product development
cost of the suppliers, which is widely used in many
studies (e.g., [13, 14, 32, 33]). k is a technological
parameter related to the product development effi-
ciency of the suppliers. Clearly, a large k indicates a
low product development efficiency, which means
that the investment of product development is costly.

(2) In Scenario S. -e two suppliers have access to the
accurate market information from the retailer; thus,
both of them can decide their wholesale prices (i.e.,
wS

S1 and wS
S2) and product development effort levels

(i.e., dS
S1 and dS

S2) based on informed market in-
formation. In addition, both of them enjoy the
higher product development efficiency compared
with that in Scenario N with the help of accurate
market information. We use (1/2)λkdS2

i , where
i ∈ S1, S2{ }, to represent the product development
cost of the suppliers in Scenario S. Particularly,
0< λ< 1 demonstrates the product development
efficiency improvement rate (efficiency improve-
ment rate for short) of the suppliers in Scenario
S. Clearly, a small λ indicates a significant im-
provement of product development efficiency.

We use Bertrand competition model to formulate the
downstream market competition between the two suppliers’
products (or the retailer’s self-competition). Following Li
and Zhang [22] and Shang et al. [34], the demand functions
in Scenario N/S are presented as follows:

q
j

S1 � 1 + d
j

S1 + ε − (1 + c)p
j

S1 + cp
j

S2,

q
j

S2 � 1 + d
j

S2 + ε − (1 + c)p
j

S2 + cp
j

S1,
(1)

where q
j

S1 and q
j

S2 (j � N, S) are the realized demand for
supplier S1 and S2’s products in Scenarios N and S, and p

j

S1
and p

j

S2 are the retail prices set by retailer for the two
products. ε is a random variable representing demand un-
certainty with E[ε] � 0 and Var[ε] � σ2. -e products are
assumed to be imperfect substitutes and c> 0. Clearly, a
larger c indicates a higher degree of substitution and greater
intensity of retail competition. Without loss of generality, we
normalize the base market potential to 1, and the market
expansions derived from product development are d

j

S1 and
d

j

S2 for supplier S1 and S2’s products, respectively.
-e e-tailers (e.g., JD.com) have to pay the wholesale

prices to their suppliers when they resell their products, so
they have to decide retail prices based on the suppliers’
wholesale prices. -at is to say, the price markups are the
e-tailers’ retail margins; and the retail margins will directly
affect e-tailers’ profits, so we have to highlight the impor-
tance of retail margins. Moreover, some typical studies (e.g.,
[22, 35]) have proved that it is easier to work with the retail
margins, m

j
i � p

j
i − w

j
i (i � S1, S2, j � N, S), rather than p

j
i

directly. Using p
j
i � m

j
i + w

j
i , we rewrite the demand

function for supplier i as follows:

q
j

S1 � 1 + d
j

S1 + ε − (1 + c) w
j

S1 + m
j

S1  + c w
j

S2 + m
j

S2 ,

q
j

S2 � 1 + d
j

S2 + ε − (1 + c) w
j

S2 + m
j

S2  + c w
j

S1 + m
j

S1 .

(2)

Based on the discussions above, the objective profit
functions of each decision-maker in two scenarios can be
formulated as follows:

In Scenario N,

Max
wN

S1 ,eN
S1{ }

E πN
S1  � E w

N
S1 1 + d

N
S1 + ε − (1 + c) w

N
S1 + m

N
S1  + c w

N
S2 + m

N
S2   −

1
2

k · d
N2
S1 , (3)

Max
wN

S2 ,eN
S2{ }

E πN
S2  � E w

N
S2 1 + d

N
S2 + ε − (1 + c) w

N
S2 + m

N
S2  + c w

N
S1 + m

N
S1   −

1
2

k · d
N2
S2 , (4)

Max
mN

S1 ,mN
S2{ }

πN
R � m

N
S1 1 + d

N
S1 + ε − (1 + c) w

N
S1 + m

N
S1  + c w

N
S2 + m

N
S2  

+ m
N
S2 1 + d

N
S2 + ε − (1 + c) w

N
S2 + m

N
S2  + c w

N
S1 + m

N
S1  .

(5)
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In Scenario S,

Max
wS

S1 ,eS
S1{ }

πS
S1 � w

S
S1 1 + d

S
S1 + ε − (1 + c) w

S
S1 + m

S
S1  + c w

S
S2 + m

S
S2   −

1
2
λk · d

S2

S1,

Max
wS

S2 ,eS
S2{ }

πS
S2 � w

S
S2 1 + d

S
S2 + ε − (1 + c) w

S
S2 + m

S
S2  + c w

S
S1 + m

S
S1   −

1
2
λk · d

S2

S2,

Max
mS

S1 ,mS
S2{ }

πS
R � m

S
S1 1 + d

S
S1 + ε − (1 + c) w

S
S1 + m

S
S1  + c w

S
S2 + m

S
S2   + m

S
S2 1 + d

S
S2 + ε − (1 + c) w

S
S2 + m

S
S2  + c w

S
S1 + m

S
S1  .

(6)

4. Derivation of Equilibrium Outcomes

In this section, we solve the games by using backward in-
duction. First, we introduce the event sequences in Scenarios
S and N. At the 1st stage, the retailer decides to share its
market information with the two suppliers (Scenario S orN).
In Scenario S (N), at the 2nd stage, the suppliers S1 and S2 set
their product development effort levels dS

S1 and dS
S2 (expected

product development effort levels E[dN
S1] and E[dN

S2]) si-
multaneously based on accurate market information (prior
expectation). At the 3rd stage, suppliers S1 and S2 set their

wholesale prices wS
S1 and wS

S2 (expected wholesale prices
E[wN

S1] and E[wN
S2]) simultaneously based on accurate

market information (prior expectation) in Scenario S (N). At
the 4th stage, the retailer sets its retail margins mS

S1 and mS
S2

(mN
S1 and mN

S2) based on accurate market information (prior
expectation) in Scenario S (N).

We derive the equilibrium outcomes in Scenario S as an
example by using backward induction. Given (dS

S1, dS
S2) and

(wS
S1, wS

S2), the retailer decides its retail margins (mS
S1, mS

S2)

according to the principle of profit maximization. -e op-
timal retail margins to maximize (3) can be given by

Supplier 1

Market

No-sharing (Scenario N) Sharing (Scenario S)

Product flow
Capital flow
Information flow

Supplier 2 Supplier 1

Market

Supplier 2

E-tailer E-tailer

wN
S1

pN
S1

wN
S2 wS

S2wS
S1

pN
S2

qN
S1

qN
S2

qN
S2

qN
S2 pS

S1 qS
S2

qS
S1

qS
S2 pS

S2

qS
S2

Figure 1: Two supply chain structures and information sharing structures.
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m
S
S1 d

S
S1, d

S
S2, w

S
S1  �

(1 + c)d
S
S1 + cd

S
S2 +(1 + 2c) 1 + ε − w

S
S1 

2 + 4c
, (7)

m
S
S2 d

S
S1, d

S
S2, w

S
S2  �

cd
S
S1 +(1 + c)d

S
S2 +(1 + 2c) 1 + ε − w

S
S2 

2 + 4c
. (8)

Substituting the optimal retail margins into supplier 1
and 2’s expected profit functions (3) and (4) yields the
wholesale prices of suppliers 1 and 2:

w
S
S1 d

S
S1, d

S
S2  �

(2 + 3)cε
4 + 8c + 3c

2 +
2 + 3c + 2(1 + c)d

S
S1 + cd

S
S2

4 + 8c + 3c
2 ,

(9)

w
S
S2 d

S
S1, d

S
S2  �

(2 + 3c)ε
4 + 8c + 3c

2 +
2 + 3c + cd

S
S1 + 2(1 + c)d

S
S2

4 + 8c + 3c
2 .

(10)

Substituting (9) and (10) into equations (7) and (8) yields
mS

S1(dS
S1, dS

S2) and mS
S2(dS

S1, dS
S2), and substituting (9) and

(10) into equations (3) and (4) yields the optimal effort levels
of suppliers 1 and 2:

d
S
S1 �

2(1 + c)
2
(1 + ε)

− 2 + 8kλ + 3kc
3λ + 4c(− 1 + 5kλ) + 2c

2
(− 1 + 7kλ)

,

d
S
S2 �

2(1 + c)
2
(1 + ε)

− 2 + 8kλ + 3kc
3λ + 4c(− 1 + 5kλ) + 2c

2
(− 1 + 7kλ)

.

(11)

Substituting the optimal effort levels (dS
S1, dS

S2) into
equations (7)∼(10) and (3)∼(5) yields the optimal wholesale
prices (wS

S1, wS
S2), the optimal retail margins (mS

S1, mS
S2), and

the expected profits in Lemma 1.

Lemma 1. Effort levels are as follows:

E d
S
S1  �

2(1 + c)
2

3kλc
3

+ 2(7kλ − 1)c
2

+ 4(5kλ − 1)c + 8kλ − 2
,

E d
S
S2  �

2(1 + c)
2

3kλc
3

+(7kλ − 1)c
2

+ 4(5kλ − 1)c + 8kλ − 2.

(12)

Prices are as follows:

E w
S
S1  �

k 4 + 8c + 3c
2

 λ

3kλc
3

+ 2(7kλ − 1)c
2

+ 4(5kλ − 1)c + 8kλ − 2
,

E w
S
S2  �

k 4 + 8c + 3c
2

 λ

3kλc
3

+ 2(7kλ − 1)c
2

+ 4(5kλ − 1)c + 8kλ − 2
,

E m
S
S1  �

k 4 + 12c + 11c
2

+ 3c
3

 λ

2 3kλc
3

+ 2(7kλ − 1)c
2

+ 4(5kλ − 1)c + 8kλ − 2 
,

E m
S
S2  �

k 4 + 12c + 11c
2

+ 3c
3

 λ

2 3kλc
3

+ 2(7kλ − 1)c
2

+ 4(5kλ − 1)c + 8kλ − 2 
.

(13)
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Expected profits are as follows:

E πS
S1  �

λk(1 + c) 9kc
4λ + c

3
(48kλ − 4) + 4c

2
(22kλ − 3) + 4c(16kλ − 3) + 16kλ − 4 

2 3kλc
3

+ 2(7kλ − 1)c
2

+ 4(5kλ − 1)c + 8kλ − 2 
2 1 + σ2 ,

E πS
S2  �

λk(1 + c) 9kc
4λ + c

3
(48kλ − 4) + 4c

2
(22kλ − 3) + 4c(16kλ − 3) + 16kλ − 4 

2 3kλc
3

+ 2(7kλ − 1)c
2

+ 4(5kλ − 1)c + 8kλ − 2 
2 1 + σ2 ,

E πS
R  �

k
2 4 + 12c + 11c

2
+ 3c

3
 

2
λ2

2 3kλc
3

+ 2(7kλ − 1)c
2

+ 4(5kλ − 1)c + 8kλ − 2 
2 1 + σ2 .

(14)

Analogically, the equilibrium outcomes in Scenario N
can be derived as shown in Lemma 2.

Lemma 2. Effort levels are as follows:

E d
N
S1  �

2(1 + c)
2

k(2 + c)
2
(2 + 3c) − 2(1 + c)

2,

E d
N
S2  �

2(1 + c)
2

k(2 + c)
2
(2 + 3c) − 2(1 + c)

2.

(15)

Prices are as follows:

E w
N
S1  �

k 4 + 8c + 3c
2

 

k(2 + c)
2
(2 + 3c) − 2(1 + c)

2,

E w
N
S2  �

k 4 + 8c + 3c
2

 

k(2 + c)
2
(2 + 3c) − 2(1 + c)

2,

E m
N
S1  �

k 4 + 8c + 3c
2

  + kc 4 + 8c + 3c
2

 

2 k(2 + c)
2
(2 + 3c) − 2(1 + c)

2
 

,

E m
N
S2  �

k 4 + 8c + 3c
2

  + kc 4 + 8c + 3c
2

 

2 k(2 + c)
2
(2 + 3c) − 2(1 + c)

2
 

.

(16)

Expected profits are as follows:

E πN
S1  �

k(1 + c) k 4 + 8c + 3c
2

 
2

− 4(1 + c)
3

 

2 k(2 + c)
2
(2 + 3c) − 2(1 + c)

2
 

2 ,

E πN
S2  �

k(1 + c) k 4 + 8c + 3c
2

 
2

− 4(1 + c)
3

 

2 k(2 + c)
2
(2 + 3c) − 2(1 + c)

2
 

2 ,

E πN
R  �

k
2 4 + 12c + 11c

2
+ 3c

3
 

2

2 k(2 + c)
2
(2 + 3c) − 2(1 + c)

2
 

2 +
σ2

2
.

(17)

5. Comparative Analysis

In this section, we investigate the impact of the retailer’s
information sharing on the supply parties’ (i.e., the retailer,
supplier 1, and supplier 2) decision parameters and the
retailer’s preference of information sharing (Scenario S) by
employing comparative analysis. We first examine how the
information sharing affects the suppliers’ efforts and
wholesale prices and then derive the retailer’s optimal de-
cisions based on the incentive analysis. To avoid the trivial
case, we constrain the feasible region of k and λ on Ω �

(k, λ)|k> k0 � 2(1 + c)2/

(2 + c)2(2 + 3c), 2(1 + c)2/(2 + c)2(2 + 3c)k, � λ0 < λ< 1}

to guarantee nonnegative equilibrium outputs. Otherwise,
the analysis may not be interesting.

5.1. Impact of Information Sharing on Efforts

Lemma 3. For any feasible k and λ, both supplier 1 and
supplier 2 set a higher expected effort level in Scenario S (i.e.,
E[dN

S1]<E[dS
S1] and E[wN

S2]<E[wS
S2]).

Lemma 3 shows that suppliers 1 and 2 put more effort into
product development when they obtain the retailer’s market
information.-ese results confirm our intuition. As mentioned
before, the market information helps suppliers 1 and 2 improve
their product development efficiency, which reduces the
product development cost correspondingly. Hence, suppliers 1
and 2 will put more effort into product development with
higher efficiency, making them benefit from the enlarged
market potential. On the other hand, suppliers 1 and 2 actually
engage in an “effort racing” when they invest in product de-
velopment. After obtaining themarket information, if supplier 1
does not improve the level of product development effort and
supplier 2 improves its effort level, then the latter will gainmore
benefit from the enlargement of market potential, while the
former will lose its competitive advantage. -erefore, the two
suppliers are incentivized to put more product development
efforts for market expansion to sell more products. At the same
time, jointly considering the “effort racing,” both suppliers 1 and
2 are willing to invest more (less) in product development when
the retailer provides (does not provide) market information.

Discrete Dynamics in Nature and Society 7



5.2. Impact of Information Sharing on Prices. As discussed in
Introduction, we are interested in whether the informed
suppliers in Scenario S determine high wholesale prices
because they will strategically utilize the market information
in a pricing adjustment. We have the following proposition.

Lemma 4. For any feasible k and λ, both supplier 1 and
supplier 2 set higher expected wholesale prices in Scenario S
(i.e., E[wN

S1]<E[wS
S1] and E[wN

S2]<E[wS
S2]).

Compared to Scenario N, suppliers 1 and 2 are always
enjoying higher wholesale prices in Scenario S, which confirms
our intuition. -e possible explanations are as follows. First,
recalling Lemma 1, we know that suppliers 1 and 2 will become
more effective and put more effort into product development
when they are informed in Scenario S, which effectively
stimulates market demand of suppliers’ products. Backed by
enlarged market demand, suppliers 1 and 2 have incentives to
raise their wholesale prices to increase their profit margins.
Second, the previous literature reveals that suppliers may be-
comemore “powerful” when they are informed becausemarket
information gives them more precise price adjustment direc-
tions [5–7]. Suppliers will undoubtedly choose to increase their
wholesale prices when the market demand is large. As a result,
combining the foregoing two forces, suppliers 1 and 2 enjoy
higher wholesale prices in Scenario S.

Lemma 5. For any feasible k and λ, the retailer obtains
higher retail margins from both product 1 and product 2 in
Scenario S (i.e., E[mN

S1]<E[mS
S1] and E[mN

S2]<E[mS
S2]).

As Lemma 4 shows, suppliers 1 and 2 determine high
wholesale prices in Scenario S, which push up the retailer’s
procurement costs directly.-erefore, regarding Lemma 5, it is
intuitively seen that the retailer has to decide on higher retail
margins in Scenario S to guarantee its margin profit. Lemma 5
signifies that if the retailer provides market information with
the two suppliers, this would increase its procurement costs
and push up the retail prices consequently. Intuitively, the high
retail prices will suppress the demand sizes of the two suppliers’
products. -erefore, we have Lemma 6 as follows.

5.3. Impact of Information Sharing on Demand Sizes

Lemma 6. For any feasible k and λ, the demand sizes of product
1 and product 2 under scenario S are both smaller than those
under scenario N (i.e., E[qN

S1]<E[qS
S1] and E[qN

S2]<E[qS
S2]).

Following the logic of Lemmas 4 and 5, we find the demand
sizes of the two suppliers’ products are all smaller in Scenario S
than in ScenarioN. So Lemma 6 is consistent with our intuition
because customers have to pay more when the retailer chooses
to provide market information with its suppliers.

5.4.Analysis of theRetailer’s Preferences. Next, we investigate
the supply chain members’ preferences towards the market
information provided by comparing their profits in two
scenarios. Define k1 � 2(1 + c)2/(2 + 3c)(2 + c), λ1 � 2

((1 + c)2 (2 + c) [f2(k, c) + (σf1(k, c))2] + (1 + c) f1(k,

c)

���������������������������

(1 + σ2)[f2(k, c) + (σf1(k, c))2]



}/ 4(1 + c)4[(1 + c)2+

f(k, c)] + (3 + 2c)(σf1(k, c))2), and λ2 � 2(1 + c)2/k(4+

8c + 3c2). Note that f1(k, c) � k(2 + c)2(2 + 3c)− 2(1 + c)
2 > 0, and f2(k, c) � k(1 + c)2(2 + c)2(2 + 3c)2 > 0. We
have Proposition 1.

Proposition 1. For any feasible c> 0 and σ > 0, the retailer
prefers sharing the suppliers with market information (i.e.,
Scenario S is better, πS

R > πN
R ) if one of the conditions holds:

(a) k0 < k≤ k1,
(b) k> k1 and λ0 < λ< λ1.

Proposition 1 demonstrates that the retailer’s optimal
decision is a threshold strategy, which depends on two
parameters: the two suppliers’ product development effi-
ciency k and efficiency improvement rate λ. -at is, the
retailer conditionally helps its upstream partners to develop
products if k is below or above a certain threshold k1. In
case (a), where the product development efficiency is high,
that is, k is small, providing market information is always a
preferred strategy of the retailer regardless of the efficiency
improvement rate λ. However, in case (b), when the
product development efficiency is relatively low (i.e.,
k> k1), the preference of the retailer over market infor-
mation sharing is dependent on the efficiency improvement
rate λ: Only when the efficiency improvement is sufficiently
high will the retailer determine to provide market infor-
mation with its two suppliers. To explain Proposition 1, we
first divide the retailer’s profit into two parts: riskless profit
PL(c, k, λ) and risk profit PR(c, k, λ, σ) (e.g., [36, 37]),
where the first part is independent of demand uncertainty σ
and the second part associates with σ, and then analyze the
retailer’s strategic decision by investigating the interactions
of these two parts. We have Corollary 1 as follows.

Corollary 1.

(a) For any feasible c> 0 and σ > 0,
PS

L(c, k, λ)>PN
L (c, k, λ) holds; that is, the retailer’s

riskless profit is larger in Scenario S than in Scenario N.
(b) PS

R(c, k, λ, σ)>PN
R (c, k, λ, σ) holds; that is, the re-

tailer’s risk profit is larger in Scenario S than in
Scenario N if one of the conditions holds:

(bi) k0 < k≤ k1,
(bii) k> k1 and λ0 < λ< λ2.

From Corollary 1, we find that the e-tailer could obtain
higher riskless and risk profits when it shares data with
suppliers and the two suppliers have a high product devel-
opment efficiency k (i.e., k< k1) or a low product development
efficiency k and a high efficiency improvement rate λ (i.e.,
k> k1 and λ< λ2), which makes it become better off in Sce-
nario S. -is interprets why the e-tailer is best to share data
with effective suppliers when k< k1 or k> k1 and λ< λ2 be-
cause high product development efficiency helps e-tailer enjoy

8 Discrete Dynamics in Nature and Society



the higher marginal profits (see Lemma 5). See an illustration
in region ❶ of Figure 2.

On the contrary, given a large k, which means the two
suppliers suffer from low efficiency in product development,
the efficiency improvement rate λ plays a critical role in the
e-tailer’s profit structures. More specifically, we find that the
e-tailer could still enjoy a higher riskless profit (i.e.,
PS

L(c, k, λ)>PN
L (c, k, λ)) but suffers a risk profit loss (i.e.,

PS
R(c, k, λ, σ)>PN

R (c, k, λ, σ)) in Scenario S when the effi-
ciency improvement rate λ is relatively low (i.e., λ> λ2); the
former acts as the positive force, while the latter acts as the
negative force. It is interesting to find that the e-tailer’s riskless
profit advantage is stronger than its risk profit disadvantage
when λ2 < λ< λ1. See an illustration in region ❷ of Figure 2.
-erefore, the e-tailer prefers to share with its suppliers when
λ2 < λ< λ1. Furthermore, investigating the impact of λ on the
e-tailer’s differences of riskless and risk profits in Scenario S and
N (i.e., PS

L(c, k, λ) − PN
L (c, k, λ) and

PS
R(c, k, λ, σ) − PN

R (c, k, λ, σ)), we find that both of them are
decreasing in λ and the e-tailer’s riskless profit advantage is
eroded by the low efficiency improvement rate λ more rapidly
compared with its risk profit disadvantage. -at means the
e-tailer’s riskless profit advantage will be weakened significantly
and its risk profit disadvantage will be also expanded as λ
increases. As a result, the e-tailer cannot benefit from the data
sharingwhen the efficiency improvement rate λ is very low (i.e.,
λ> λ1). Clearly, the e-tailer will not choose to share data with its
suppliers. See an illustration in region ❸ of Figure 2.

Proposition 2. For any feasible c> 0 and σ > 0, suppliers 1
and 2 always benefit from the information sharing; that is,
πS

S1 > πN
S1 and πS

S2 > πN
S2 hold.

Proposition 2 demonstrates that suppliers can be better
off when their channel partner (i.e., the e-tailer) shares
market information, which is consistent with our intuition.
-e underlying reasons are as follows. Backed by the more
efficient product development, the two suppliers’ products
could be more popular, which makes them have a strong
incentive to raise their wholesale prices to increase their
profit margins (see Lemma 2). However, the increased
wholesale prices push up the e-tailer’s procurement costs,
forcing the e-tailer to set higher retail prices to ensure its
retail profit margins (see Lemma 3). As a result, the high
retail prices restrain the demand for products (see Lemma
4). Hence, the e-tailer’s profit is affected by its profit margins
and demand sizes. Comparing these twofold, we find that the
loss of demand size is dominated by the benefit of profit
margins increment in Scenario S. Hence, the two suppliers
can benefit from the e-tailer’s information sharing.

6. Numerical Analysis

In this section, we conduct numerical analysis to investigate
the impact of market uncertainty (i.e., σ) and product
substitutability (i.e., c) on the e-tailer’s preferences regions.
Note that all the numerical analyses are based on the main
model proposed in Section 4 and the e-tailer’s preference
conditions in Proposition 1.

6.1. Effect of Market Uncertainty on the E-Tailer’s Preferences
Areas. In this subsection, we investigate the change of
e-tailer’s preferences areas affected by the market un-
certainty (i.e., σ). Figure 3 describes the main findings.-e
grey and green areas in Figure 3 show that the e-tailer
prefers sharing market information with its suppliers
when suppliers’ product development efficiency is high
and low, respectively, corresponding to Proposition 1’s (a)
and (b). Figures 3(a) and 3(b) show that the e-tailer
confronts a low market uncertainty (i.e., σ � 0.5 and
σ � 1), while Figures 3(c) and 3(d) show the opposite
results (i.e., σ � 1.5 and σ � 3). From Figure 3, we find that
the areas of e-tailer’s preference over market information
sharing (Scenario S) shrink as market uncertainty in-
creases. -is signifies that a higher market uncertainty
weakens the e-tailer’s incentive of market information
sharing. -is is because the higher market uncertainty not
only indicates higher risk but also implies that once
suppliers get market information from the e-tailer, their
pricing adjustment ability will be greatly enhanced. Ob-
viously, the e-tailer’s profit margin will be squeezed as
suppliers’ pricing power becomes stronger; this induces
the e-tailer has less incentive to share market information
with its suppliers. Conversely, the area of no sharing
expands as market uncertainty (i.e., σ) increases.

6.2. Effect of Product Substitutability on the Retailer’s Pref-
erences Regions. Similar to Subsection 6.2, we investigate the
change of e-tailer’s preferences areas affected by a critical

0.3 0.4 0.6 0.7 0.8 0.9 1.00.5

0.1

0.2

0.3

0.4

0.5

0.0 λ

λ2 λ1

PS
R − PN

R

PS
L − PN

L

The retailer’s riskless and risk profits are both higher
in Scenario S;
The retailer’s riskless profit advantage is stronger than
its risk profit disadvantage in Scenario S;
The retailer’s riskless profit advantage is weaker than
its risk profit.

1

2

3

1 2 3

Figure 2: Comparisons of the e-tailer’s profit structures in sce-
narios S and N.
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factor, that is, the product substitutability c. Similarly, the
grey and green areas in Figure 4 show that the e-tailer prefers
sharing market information with its suppliers when sup-
pliers’ product development efficiency is high and low, re-
spectively, corresponding to Proposition 1’s (a) and (b).
Figures 4(a) and 4(b) show that the product substitutability
is low (i.e., c � 0.5 and c � 1.5), while Figures 4(c) and 4(d)
show opposite results (i.e., c � 3 and c � 6). Note that the
e-tailer purchases the two suppliers’ substitutable products
and resells them in the market, which induces the e-tailer to
form a self-competition. -erefore, the product substitut-
ability c also indicates the competition intensity. Intuitively,
fierce competition may make the e-tailer and the two
suppliers worse off because of the system efficiency loss.
However, Figure 4 describes some counterintuitive findings;

that is, the areas of e-tailer’s preference over market in-
formation sharing (Scenario S) expand as competition be-
comes fierce. -is signifies that the fiercer product
competition encourages the e-tailer to share market infor-
mation with its suppliers. -is is because when the two
suppliers do not have market information, the inefficient
product development will not enlarge their market potential
significantly, and the fierce competition will pull down the
retail prices of the two products, which ultimately results in
the e-tailer suffering demand loss and profit margin loss.
Being aware of this, the e-tailer will be more willing to share
market information with suppliers as competition becomes
fierce, which helps them enlarge market potential signifi-
cantly and obtain a higher retail profit margin (see
Lemma 5).
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scenario S

Infeasible
region
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(b)
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Figure 3: Impact of market uncertainty on the e-tailer’s preferences. (a) c � 0.5, σ � 0.5. (b) c � 0.5, σ � 1. (c) c � 0.5, σ � 1.5. (d)
c � 0.5, σ � 3.
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7. Conclusion

We formulate two scenarios to study the e-tailer’ preferences
over market information sharing, namely, (1) Scenario N,
where the two suppliers cannot access the market infor-
mation and suffer a low product development efficiency, and
(2) Scenario S, where the e-tailer shares market information
with the two suppliers, and thus both of them enjoy a higher
product development efficiency.

We show that, given a high product development effi-
ciency or a low production development efficiency with a
high efficiency improvement rate, the e-tailer prefers sharing
market information with its two suppliers.-e reasons are as
follows.We note that the e-tailer’s profits can be divided into
two parts, that is, (1) the riskless profit and (2) the risk profit
because of market information sharing. We find that the

e-tailer always obtains a higher riskless profit in Scenario S
because it can increase retail margin in Scenario S signifi-
cantly, which covers its market demand size loss in Scenario
S. However, whether the e-tailer can obtain higher risk profit
in Scenario S depends on the two suppliers’ production
development efficiency and the efficiency improvement rate
because of market information sharing. Given a high
product development efficiency, the e-tailer enjoys higher
riskless and risk profits, so it prefers sharing information.
Given a low product development efficiency with a high
efficiency improvement rate, the e-tailer suffers risk profit
loss but its riskless profit advantage in Scenario S is more
significant, which dominates the risk profit loss. Hence,
market information sharing is preferred for the e-tailer in
this case. We then study whether the two suppliers can be
better off because of market information sharing. We find
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Figure 4: Impact of product substitutability on the e-tailer’s preferences. (a) c � 0.5, σ � 0.5. (b) c � 1.5, σ � 0.5. (c) c � 3, σ � 0.5. (d)
c � 6, σ � 0.5.
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that the two suppliers obtain higher profits in Scenario S
because their wholesale prices increment is so significant
that it offsets the loss of market sizes.

Conducting numerical analysis, we find that the option
of market information sharing will be less and less (more and
more) attractive for the e-tailer as market uncertainty
(product substitutability) increases. -at is to say, market
uncertainty (product substitutability) acts as a negative
(positive) driving force that hinders (encourages) the e-tailer
from preferring (to choose) market information sharing.
-ese observations may be insightful for e-tailers that are
planning to launch the projects such as market information/
data sharing.

Our findings can be insightful for the e-tailers and the
suppliers. For example, when suppliers are efficient in
product development (e.g., Huggies, a well-known diaper
brand), the e-tailers with strong information technology like
JD, whose market information is considered to be insightful
for product development, are suggested to choose to share

market information with their suppliers. On the contrary,
when the suppliers are not efficient in product development
(i.e., some startup brands), e-tailers are suggested to select a
market information sharing strategy when the suppliers are
worthy of helping (i.e., the efficiency improvement rate is
high). For the suppliers, we reveal that the market infor-
mation is very helpful for their performance improvement,
so both of them should seek the support of market
information.

Appendix

Note that all of the proofs of lemmas and propositions are
conducted in the feasible region of k and λ on
Ω � (k, λ)|k> k0 � (2(1 + c)2/(2 + c)2(2 + 3c)), (2(1+

c)2/ (2 + c)2(2+ 3c)k) � λ0 < λ< 1}.

Proof. of Lemma 3:
-e difference between E[dS

S1] and E[dN
S1] is

E d
S
S1  − E d

N
S1  �

2k(1 + c)
2
(2 + c)

2
(2 + 3c)(1 − λ)

k(2 + c)
2
(2 + 3c) − 2(1 + c)

2
  λk(2 + c)

2
(2 + 3c) − 2(1 + c)

2
 

. (A.1)

Note that k(2 + c)2(2 + 3c) − 2(1 + c)2 increases in k

and it has the minimum value at k � k0 � 2(1 + c)2/(2+

c)2(2 + 3c). Substituting k0 into k(2 + c)2(2 + 3c)−

(2 + c)2, we get k(2 + c)2(2 + 3c) − 2(1 + c)2|k�k0
� 0.

-erefore, we have k(2 + c)2(2 + 3c) − 2(1 + c)2 > 0 be-
cause k> k0 in our feasible region. Furthermore, it is easy to
verify that λk(2 + c)2(2 + 3c) − 2(1 + c)2 > 0.

-erefore, we have E[dS
S1]>E[dN

S1] for any feasible c, k,
and λ.

Similarly, E[dS
S2]>E[dN

S2] can be proven.
Hence, Lemma 3 is proven. □

Proof. of Lemma 4:
-e difference between E[wS

S1] and E[wN
S1] is

E w
S
S1  − E w

N
S1  �

2k(1 + c)
2
(2 + c)

2
(2 + 3c)(1 − λ)

k(2 + c)
2
(2 + 3c) − 2(1 + c)

2
  λk(2 + c)

2
(2 + 3c) − 2(1 + c)

2
 

. (A.2)

Note that k(2 + c)2(2 + 3c) − 2(1 − λ)2 increases in k

and it has the minimum value at k � k0 � 2(1 + c)2/(2+

c)2(2 + 3c). Substituting k0 into k(2 + c)2(2 + 3c)−

2(1 + c)2, we get k(2 + c)2(2 + 3c) − 2(1 + c)2|k�k0
� 0.

-erefore, we have k(2 + c)2(2 + 3c) − 2(1 + c)2 > 0 be-
cause k> k0 in our feasible region. Furthermore, it is easy to
verify that λk(2 + c)2(2 + 3c) − 2(1 + c)2 > 0.

-erefore, we have E[wS
S1]>E[wN

S1] for any feasible c, k,
and λ.

Similarly, E[wS
S2]>E[wN

S2] can be proven.
Hence, Lemma 4 is proven. □

Proof. of Lemma 5:
-e difference between E[mS

S1] and E[mN
S1] is

E m
S
S1  − E m

N
S1  �

k(1 + c)
2
(2 + c)

2
(2 + 3c)(1 − λ)

k(2 + c)
2
(2 + 3c) − 2(1 + c)

2
  λk(2 + c)

2
(2 + 3c) − 2(1 + c)

2
 

. (A.3)

Note that we have proven k(2 + c)2(2 + 3c)−

2(1 + c)2 > 0 and λk(2 + c)2(2 + 3c) − 2(1 + c)2 > 0. -ere-
fore, we have E[mS

S1]>E[mN
S1] for any feasible c, k, and λ.
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Similarly, E[mS
S2]>E[mN

S2] can be proven.
Hence, Lemma 5 is proven. □

Proof. of Lemma 6:
-e difference between E[qS

S1] and E[qN
S1] is

E q
S
S1  − E q

N
S1  �

k(1 + c)
2
(2 + c)

2
(2 + 3c)(1 − λ)

k(2 + c)
2
(2 + 3c) − 2(1 + c)

2
  λk(2 + c)

2
(2 + 3c) − 2(1 + c)

2
 

. (A.4)

Note that we have proven k(2 + c)2(2 + 3c) − 2
(1 + c)2> 0 and λk(2 + c)2(2 + 3c) − 2(1 + c)2> 0

�������
b2 − 4ac

√
.

-erefore, we have E[qS
S1]>E[qN

S1] for any feasible c, k, and
λ.

Similarly, E[qS
S2]>E[qN

S2] can be proven.

Hence, Lemma 6 is proven. □

Proof. of Proposition 1
-e difference of πS

R and πN
R is

πS
R − πN

R �
Aλ2 + Bλ + C

2 − 2 + 8k − 4c + 20kc − 2c
2

+ 14kc
2

+ 3kc
3

 
2

− 2 − 4c − 2c
2

+ 8kλ + 20kcλ + 14kc
2λ + 3kc

3λ 
2, (A.5)

where A � − k2(2 + c)2(2 + 3c)2 4(1 + c)4[(1 + c)2 +

f1(k, c)] + (3 + 2c) [f1(k, c)]2σ2}, B � 4k(1 + c)2(2 + c)2

(2 + 3c) f2(k, c) + [f1(k, c)]2σ2 , and C � − 4k2(1 + c)6

(2 + c)2(2 + 3c)2− 4(1 + c)4[f1(k, c)]2σ2.

We find that the sign of πS
R − πN

R depends on
Aλ2 + Bλ + C, which is a quadratic function with respect to λ.
Solving Aλ2 + Bλ + C � 0, we have two roots λ1 and λ3
(λ3 < λ1) as follows:

λ1 � 2
(1 + c)

2
(2 + c) f2(k, c) + σf1(k, c)( 

2
  +(1 + c)f1(k, c)

���������������������������

1 + σ2  f2(k, c) + σf1(k, c)( 
2

 



 

k(2 + 3c)(2 + c) 4(1 + c)
4

(1 + c)
2

+ f1(k, c)  +(3 + 2c) σf1(k, c)( 
2

 
,

λ3 � 2
(1 + c)

2
(2 + c) f2(k, c) + σf1(k, c)( 

2
  − (1 + c)f1(k, c)

���������������������������

1 + σ2  f2(k, c) + σf1(k, c)( 
2

 



 

k(2 + 3c)(2 + c) 4(1 + c)
4

(1 + c)
2

+ f1(k, c)  +(3 + 2c) σf1(k, c)( 
2

 
.

(A.6)

According to Vieta’s theorem, we have

λ1 + λ3 � −
B

A
�

4(1 + c)
2

k
2
(1 + c)

2
(2 + c)

2
(2 + 3c)

2
+ − 2(1 + c)

2
+ k(2 + c)

2
(2 + 3c)

2
 

2
σ2 

k(2 + 3c) 4(1 + c)
4

− (1 + c)
2

+ k(2 + c)
2
(2 + 3c)

2
  +(2 + 3c) − 2(1 + c)

2
+ k(2 + c)

2
(2 + 3c)

2
 

2
σ2 

> 0.

λ1λ3 �
C

A
�

− 4k
2
(1 + c)

6
(2 + c)

2
(2 + 3c)

2
− 4(1 + c)

4
− 2(1 + c)

2
+ k(2 + c)

2
(2 + 3c)

2
 

2
σ2

k(2 + 3c) 4(1 + c)
4

− (1 + c)
2

+ k(2 + c)
2
(2 + 3c)

2
  +(3 + 2c) − 2(1 + c)

2
+ k(2 + c)

2
(2 + 3c)

2
 

2
σ2 

< 0.

(A.7)

-is indicates that λ3 < 0< λ1. Hence, we only need to
examine the feasibility of λ1. We first compare λ1 and 1 and
have the following conditions:
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(a) If λ1 > 1, which can be simplified to k< 2(1 + c)2/
(2 + 3c)(2 + c);

(b) If λ1 > 1, which can be simplified to k> 2(1 + c)2/
(2 + 3c)(2 + c).

We first compare λ1 and λ0 � 2(1 + c)2/(2 + 3c)(2 +

c)k and have

λ1 � 2
(1 + c)

2
(2 + c) f2(k, c) + σf1(k, c)( 

2
  +(1 + c)f1(k, c)

���������������������������

1 + σ2  f2(k, c) + σf1(k, c)( 
2

 



 

k(2 + 3c)(2 + c) 4(1 + c)
4

(1 + c)
2

+ f1(k, c)  +(3 + 2c) σf1(k, c)( 
2

 
> λ0

�
2(1 + c)

2

(2 + c)
2
(2 + 3c)k

(A.8)

-erefore, we haveAλ2 + Bλ + C> 0 and πS
R − πN

R > 0
if one of the conditions holds:

(c) k0 < k≤ k1 � 2(1 + c)2/(2 + 3c)(2 + c)

(d) k> k1 and λ0 < λ< λ1
Hence, Proposition 1 is proven. □

Proof. of Corollary 1: -e proof of Corollary 1 is similar to
the proof of Proposition 1; we, therefore, omit it here. □

Proof. of Proposition 2: -e proof of Proposition 2 is
similar to the proof of Proposition 1; we, therefore, omit it
here. □
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